Abstract -Dynamic quality of machines is one of the dominant factors affecting both the geometric parameters of the accuracy of components, and the physicomechanical characteristics of the treated surface layer. Individually, each machine has a certain dynamic quality, which varies both in the process of operation and when the values of cutting mode parameters are changed. What is important in the manufacture of precision machine-and instrument components making is the assessment of the actual dynamic quality of machines according to the characteristics of vibroacoustic vibrations.
INTRODUCTION
The quality of products in machine building and instrument making largely depends on both the geometric accuracy of the parts manufactured and the physicomechanical characteristics of the treated surface layer, which significantly affects the reliability of products in operation [1, 2] .
One of the dominant factors affecting the quality of machining parts on automated metal-cutting machine tools (MCT) is their dynamic quality, which is ensured at the design and manufacture stages of machine tools and is maintained at the operation stage [3, 4] . The dynamic quality of machines is estimated based on the measurement of vibroacoustic (VA) oscillations, therefore, an important point for production conditions is to determine the dynamic quality of each machine (if similar parts are processed and similar cutting conditions are used). Moreover, it is important to determine the values of cutting mode parameters for each machine, at which the level of VA oscillation of the main components involved in the shaping process is minimal, so that low quality processing is reached [4] [5] [6] .
When machining bearing rings on grinding machines of various models, various estimates of the VA dynamic system were obtained. Firstly, the dynamic quality of the machine was evaluated. Secondly, the values of cutting mode parameters were corrected to obtain a specified machining accuracy [4, 7, 8] . As integral estimations of spectral densities and integral estimates of autocorrelation functions (ACF) of oscillations were used, as well as the stability margin of the dynamic system (DS) of the machine. The objective of this paper is to state that the regularity of the measurement of integral estimations of the spectral density of VA dynamic system is similar to both the change in the integral estimations of the ACF and the stability margin of the DS, so that they can be used equally to assess the machine dynamic quality.
II. METHODS AND MATERIALS
One of the methods for assessing the dynamic quality of turning and grinding machines is based on the determination of ACF VA oscillations, and uses two options for further processing ACF K() with the help of specialized programming mathematical software (PMS).
The first option is connected with the formation of integral assessments of the ACF in the form of [10] = ∫ 2 ( ) ,
This option has been tested to select the appropriate speed of rotation of the workpiece when machining on a precision turning module such as TPARM. Measurement of vibrations in the frequency band up to 4 kHz was carried out using a vibration meter VSHV-003M2, the DN-3 sensor of which was fixed on a magnetic support on the cutter block [9, 10] . At the minimum of the integral estimation (1), the spindle rotation frequency was assigned, at which the roughness parameters of the machined surface Ra (about 0.1 µm) and the machining time of the component were minimal.
The second use of the ACF is based on the calculation of the transfer function of the DS during cutting, and it is assumed that the cutting force forced by the DS is a "white noise" signal [11, 12] . Based on this, it was found in [10] that the oscillation index M calculated from the transfer function, on the basis of which the stability margin of the DW is estimated, changes similarly with the change in the integral estimation IA, and can also be used to select the cutting mode.
To assess the dynamic quality of the turning machine in different cutting conditions, the use of an integral estimation of the spectral density S () VA of the DC was tested.
1 , 2 -lower 1 and upper bounds of the frequency range of measured oscillations VA.
The results of experimental studies on a turning module of the TPARM type, shown in Fig. 1 , show that the minimum value of the integrated assessment of the IC spectrum corresponds to the minimum surface roughness Ra at n = 1600 rpm, and the minimum value of the oscillation index corresponds to the maximum stability margin of the DS. It correlates with the data of [10] . Next, we examine the use of integral estimates on grinding machines for machining the raceways of bearing rings. In [7] , it was found that the integral estimates of the spectral density S () of the VA oscillations can be used to assess the dynamic quality of the SWaAGL-50 grinding machines. From the results of internal grinding machines of the SiN-5 model studies, it can be seen (Fig. 2) that the value of the quality parameter "waviness" of the raceway is minimal for the machine No. 395, which has the lowest values of the integral estimates of the Ic spectrum. In the experiments on grinding machines, as well as for turning machines, a vibration meter VSHV-003M2 with a DN-3 sensor was used, which was mounted on a ring support near the cutting zone. The signal from the vibro-meter was processed on a computer by specialized software that allows to calculate the ACF K(), the spectrum S( )and their integral estimates.
In the works [2, 4] it is indicated that for grinding machines experimental ACF can be approximated by the formula 
It is rather difficult to calculate the integral estimate Ic from formula (7), therefore, we decompose its right side into two summands using the method of undetermined coefficients:
The numerator of the right side of H (α) after reduction to a common denominator is Н( ) = Comparing the coefficients of the numerator of the left side of equation (8) From four equations (10) we obtain the values of the coefficients А = С = 0,5; B=D = 0 Formula (7) in this case is transformed:
Integral estimate of the first summand Iс1( ) of formula (11) is the following:
Integral estimate of the second summond I с2 ( ) of formula (11) is the following:
To identify trends in the integral estimation I с1 ( ) with increasing attenuation coefficient α, we calculate the derivative with respect to α and determine its sign. Taking into account formulas (12) and (13) we have: 
The first and third terms in (14) are less than zero. After algebraic transformations, it can be shown that the sum of the second and fourth summonds is also less than zero, given that 1 < 0 < 2 . Therefore, I с ( )/ α < 0, that is, the integral estimate of the spectrum is monotonously decreasing, as is the integral estimate of the ACF and the oscillation index.
Experimental studies of VA oscillations performed on the internal grinding machines of the SIW-5 model during the processing the bearing rings raceways confirmed that the change in the integral spectrum estimates for different machines change in a similar way to the change in the integral ACF estimates. Comparison of these estimates with processing accuracy indices shows that machine No. 395, which has the minimum values for the studied machines, also provides higher processing accuracy -the smallest values of the ovality and waviness of the raceway.
Thus, the considered estimates can serve as an assessment of the dynamic quality of machine tools.
III. CONCLUSION
The results of theoretical and automated experimental studies of vibro-acoustic oscillations of machine tools and the accuracy of machining showed that the assessment of the dynamic quality of machines according to integral estimates of the spectral density of oscillations correlates with the integral estimates of the ACF and the oscillation index determining the stability margin of the dynamic system of the machine.
Thus, the analysis of the vibroacoustic characteristics of the machines with the use of these three estimates allows to rank the machines according to dynamic quality and machining accuracy; to determine the values of cutting mode parameters with the highest machining accuracy; to give recommendations on carrying out restoration work on machines that do not meet the specified values of machining accuracy.
